In this study, several tests were examined to analyze the sortability of magnesium oxide (MgO) by the use of triboelectrostatic belt separation. The objective of the study is to find a dry sorting technique to separate MgO from accompanying components such as CaO and SiO2. The aim of this first series of experiments was to develop knowledge about the triboelectrostatic charging behaviour of magnesium oxide. All sorting tests were carried out by the use of a triboelectrostatic belt separator in lab scale in an air-conditioned room. 
Introduction
Magnesium oxide (MgO) is one of the most important products of the refractory industry. It is usually produced by thermal decomposition of magnesite (MgCO3) or by a seawater process from magnesium hydroxide (Mg(OH)2) [1] .
The type of raw material, the temperature of calcination and the impurities mostly affect the physical properties of MgO [2, 3] .
Caustic calcined MgO is burned at temperatures below 900°C. It is used in fertilizers, as animal feed and as a raw material for various MgO chemicals for the production of pulp and paper, ceramics and cements.
A characteristic property of this MgO type is its moderate to high chemical reactivity [1] .
Because of this reactivity, it is imperative to search for a dry processing technique for the enrichment of the MgO, lest a transformation to Mg(OH)2 take place which influences the product in an undesirable way.
Separation Process
One such dry process is electrostatic separation, a surface controlled process.
The separation features in the electrostatic field is the different size or opposite charge of the grain surfaces. These charge differences are generated by the so-called tribo-polarization.
If there is an electron transfer between the contact partners, they receive opposite surface charges. The intensity of this electron transfer depends on the size of the contact surface as well as the contact duration, frequency and strength. The charging mechanism is activated by intense Fig. 1 : Operation principle of a triboelectrostatic belt separator [7] grain/grain contact and grain/wall contact. Often this is realized in upstream units which are not involved in the separation process itself, for example by the use of vibro feeders, fluid bed dryers or cyclones [4] [5] [6] .
The operation principle of a triboelectrostatic belt separator is shown in Fig. 1 ; [7] .
Influence on the Charging Mechanism
In this research, the charging behaviour of the magnesium oxide surfaces is studied to check the possibility of a successful separation in the electrostatic field. On the basis of systematic parameter studies, triboelectrostatic charging mechanisms are examined in detail in order to conduct the charging in a controlled manner. The targeted triboelectrostatic charging of mineral surfaces is intended to expand the range of applications of electro-separation within dry industrial mineral processing.
Electrostatic separation is a surface controlled process, this offers the possibility of selectively changing the surface states by means of raw material pre-treatment. In the present work the influence of variation of the raw material temperature was tested [4, 5, 7] .
Furthermore, the machine settings at the triboelectrostatic belt separator were tested to find the optimum setting for the separation of the MgO.
Characterization of the MgO Sample
To obtain a first impression of the mineral phase distribution in the particle size classes, a sieve analysis was carried out and the chemical composition was determined in the produced fractions.
The particle size distribution of the feed sample is summarized in Table 1 and Fig. 2 . Table 2 and Fig. 3 show the chemical composition in the particle size classes. The MgO content increases with decreasing grain size, the two accompanying constituents CaO and SiO2 show a common trend. 
Experimentation

Experimental Design
The experimental design is based on the statistical design of experiments, which is a further development of traditional experimental design methods. Through detailed 
Triboelectrostatic Belt Separator
The experiments were carried out on a lab scale triboelectrostatic belt separator. For the operational principle, cf. Fig. 1 . The feed passes from above via a vibrating unit into the separation area with electrodes arranged one above the other. The polarity of the electrodes can be reversed on both sides. Product discharge takes place on the left and right side of the stripper after leaving the separation chamber. The two products are collected in plastic bags.
Influence of Machine Parameters
The lab scale belt separator enables the variation of numerous parameters. In order to gain knowledge about the influence of these parameters on the charging behaviour of MgO, these and their interactions with each other were analyzed. For the execution of the experiments, a partial factorial design of type "2 5-1 " was chosen [8] . The separation success was assessed by determining the chemical composition by means of RFA.
The following machine parameters can be changed on the lab scale belt separator: a) applied voltage b) electrode distance c) belt speed d) polarity of the top electrode e) feed rate f) belt geometry Ad a) The voltage applied to the electrodes can be infinitely adjusted from 0 to 6 kV. For the tests, the levels for the applied voltage were set at 3 and 6 kV.
Ad b) The electrode distance is limited by the geometric conditions. For the maximum distance a value of 14 mm is determined, for the minimum it is 9 mm. These two extremes are taken as a level in the experimental design plan.
Ad c) A belt speed of 36 fps (11 m/s) is defined as the upper level in the design plan. For the lower level 17 fps are selected.
Ad d) The polarity of the top and bottom electrode can be set positive or negative. One electrode must always be positive and one negative for the generation of an electrostatic field. For the experiments, both variants were implemented. Further information on the polarity always refer to the head electrode.
Ad e) The feed rate of the vibro unit can be adjusted from 1 to 10. The values 5 and 10 are defined as levels.
Ad f): This parameter is not included in the experimental design plan. For the entire series of experiments, the geometry of the band remains unchanged.
The parameters a) to e) given here were taken over into a partial factorial design of the type "2 5-1 " [7] .
Experimental Setup
During the setup of the experiments, the machine settings were changed as previously defined in the design plan. The exterior influences of the system were kept constant as far as possible. Such influences are ambient temperature and relative humidity. The room temperature during the experiment was about 25°C, the relative humidity about 20%. At the first tests, the magnesia was processed at ambient temperature.
Optimum Machine Parameters
The assessment of the influence of the machine parameters was carried out by the average values of the MgO, CaO and SiO2 content in the concentrate and the mass output of concentrate at the different settings. The average values were always calculated from the results obtained at the different levels, from the two mean values at setting (maximum) and (minimum) the difference between these two values was also formed, which describes the intensity of the influence of the factor. For all other tests that do not relate to a further optimization of the machine parameters, the optimum machine settings are used from now on. Tables 3 and 4 and Fig. 4 show the particle size distribution of concentrate and tailings. The tailings have a coarser particle size distribution than the concentrate. In both products, the contents of MgO is largest in the finest fraction and the contents of CaO and SiO2 are largest in the coarsest fraction.
Particle Size Distribution of the Products
Division Number
In the grain size classes obtained by the sieve analysis, a chemical analysis was carried out. From these results the partition numbers in the grain size classes were calculated. The partition number indicates the fraction, which has arrived from product class "i" present in the task in the CaO and SiO2, similarly high partition numbers in the same particle size classes were calculated with 56.0 and 55.8%.
Feed Temperature
To investigate the influence of the feed temperature, the magnesium oxide samples were preheated at 80°C in a drying oven. Due to manipulation, this corresponds approximately to an application temperature of about 65°C. This temperature also corresponds to the maximum temperature that can be sorted at the belt separator without causing merging between raw material and the polymer belt.
The results for the influence of the raw material temperature on the charging behaviour of magnesium oxide are summarized in Table 5 . The triboelectrostatic charging efficiency decreased compared to the experiments in which the feed was sorted at room temperature. The increase in temperature had a negative effect on all areas except the content of CaO. This increased in the tailings product and decreased in the concentrate. However, this effect is due to the general lower efficiency of the triboelectrostatic charging behaviour.
Belt Speed
The orbital speed of the belt was identified as the main influencing factor in the test series for determining the optimum machine parameters. For this reason, the belt speed was examined in more detail. The recovery and the grades (MgO, CaO and SiO2) of the concentrate are summarized in Table 6 and visualized in the Figs. 8, 9 and 10. Figure 8a , b show that the MgO grade and the yield over the belt speed. Both values reach their maximum at a belt speed of about 36 fps (11 m/s).
The yield and the grade of SiO2 are also in a favorable range at a belt speed of 36 fps (11 m/s) (Fig. 9a, b) . Figure 10a , b show CaO grade and the yield over the belt speed. At a speed of 36 fps, the CaO yield reaches a value of 87.7% which is near the maximum. This fact influences the concentrate quality in an undesirable way. 
Summary
The raw material characterization of the magnesium oxide sample showed that MgO, in contrast to CaO and SiO2, accumulates in the fines. From the first series of tests, the optimal machine settings were determined as follows: a) applied voltage-6 kV b) electrode distance-9 mm c) belt speed-36 fps (11 m/s) d) polarity of the top electrode-positive e) feed rate-5 (of 10) For all further tests that do not relate to the optimization of the machine settings, these settings were used.
The investigation of the influence of the raw material temperature showed a clearly negative influence on the separation success by increasing the feed temperature.
The detailed examination of the belt speed gave an optimum at 36 fps (11 m/s). At this peripheral speed of the belt, an MgO yield of 85.8% and a MgO grade of 85.0% in the concentrate.
Conclusion
The present study gives detailed information about the triboelectrostatic charging behaviour and the separateability by use of electrostatic separation of a specific magnesium oxide sample.
With the examined separation tests, an enrichment of MgO in the concentrate was possible. This fact identifies electrostatic separation as one dry processing method for the improvement of the product quality of caustic calcined magnesium oxide products.
To be able to make general statements about the triboelectrostatic charging behaviour of magnesium oxide, several samples with different amounts of accompanying components and different grain sizes will be analyzed in following studies. 
